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(57) ABSTRACT

Disclosed are to a communication terminal and an antenna
apparatus thereof. The antenna apparatus includes an antenna
device including a feeding point to which a signal is applied;
and at least one variable reactance device connected to the
antenna device. The communication terminal determines a
communication network to access to drive the antenna appa-
ratus corresponding to the determined communication net-
work, and accesses to the determined communication net-
work through the antenna apparatus to communicate.
Accordingly, a resonance frequency band of the antenna
apparatus is expanded.

10 Claims, 6 Drawing Sheets
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1
COMMUNICATION TERMINAL AND
ANTENNA APPARATUS THEREOF

BACKGROUND

The embodiment relates to a communication terminal and
an antenna apparatus thereof.

A wireless power transmission or a wireless energy trans-
fer refers to a technology of wirelessly transferring electric
energy to desired devices. In the 1800’s, an electric motor or
a transformer employing the principle of electromagnetic
induction has been extensively used and then a method for
transmitting electrical energy by irradiating electromagnetic
waves, such as radio waves or lasers, has been suggested.
Actually, electrical toothbrushes or electrical razors, which
are frequently used in daily life, are charged based on the
principle of electromagnetic induction. The electromagnetic
induction refers to a phenomenon in which voltage is induced
so that current flows when a magnetic field is varied around a
conductor. Although the commercialization of the electro-
magnetic induction technology has been rapidly progressed
around small-size devices, the power transmission distance
thereof is short.

In general, a wireless communication system provides
various multi-media services such as a Global Positioning
System (GPS), blue-tooth, and Internet. In this case, in order
for the wireless communication system to easily provide the
multi-media services, a high transmission rate of a large
amount of data must be ensured. To this end, researches and
studies have been carried out in order to improve the perfor-
mance of an antenna apparatus. This is because an antenna
apparatus substantially transmits/receives data in the commu-
nication terminal. The antenna apparatus may operate at the
resonance frequency band to transmit/receive the data.

However, the resonance frequency band is narrow in the
antenna apparatus. Accordingly, the communication terminal
includes a plurality of antenna apparatuses so that the reso-
nance frequency band may be expanded. However, since the
communication terminal requires a space for installing the
antenna apparatuses, it is difficult to miniaturize the commu-
nication terminal. Thatis, it is difficult for the communication
terminal to use a relatively wide resonance frequency band
through a single antenna apparatus.

SUMMARY

The embodiment provides an antenna apparatus having a
relatively wide resonance frequency band. That is, the
embodiment expands a resonance frequency band of the
antenna apparatus while miniaturizing the antenna apparatus.

According to one embodiment, there is provided an
antenna apparatus including an antenna device including a
feeding point to which a signal is applied; and at least one
variable reactance device connected to the antenna device.

In the antenna apparatus, the variable reactance device is
connected to a position of the antenna device where a density
of the signal is highest.

According to one embodiment, there is provided a com-
munication terminal including an antenna apparatus includ-
ing an antenna device and at least one variable reactance
device connected to the antenna device, in which the antenna
device includes a feeding point to which a signal is applied;
and a control unit for controlling a strength of a signal applied
to the variable reactance device according to a communica-
tion network to access and for driving the antenna apparatus
to access to the communication network.
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In the communication terminal, the control unit changes
the communication network when a communication quality
of the communication network is deteriorated lower than a
preset threshold value.

According to the communication terminal and the antenna
apparatus thereof of the embodiment, since the reactance of
the variable reactance device may vary, the resonance fre-
quency of the antenna apparatus may vary. Accordingly, the
resonance frequency band of the antenna apparatus is
expanded. Thus, the communication terminal can use an
expanded resonance frequency band through a single antenna
apparatus. In addition, the communication terminal may
access to a plurality of communication networks. Therefore,
since there is no need to install a plurality of antenna appara-
tuses to the communication terminal, the communication ter-
minal may be miniaturized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a communication ter-
minal according to the embodiment.

FIG. 2 is a plane view showing an antenna apparatus
according to the embodiment.

FIG. 3 is a plane view showing the antenna device and the
variable reactance device of FIG. 2.

FIG. 4 is a circuit diagram showing a circuit equivalent to
the antenna apparatus according to the embodiment.

FIG. 5 is a graph illustrating an operation characteristic of
a first example of the antenna apparatus according to the
embodiment.

FIG. 6 is a graph illustrating an operation characteristic of
a second example of the antenna apparatus according to the
embodiment.

FIG. 7 is a flowchart illustrating an operation process of a
communication terminal according to the embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, the embodiment will be described with refer-
ence to accompanying drawings in detail. In the following
description, for the illustrative purpose, the same components
will be assigned with the same reference numerals, and the
repetition in the description about the same components will
be omitted in order to avoid redundancy. Detailed descrip-
tions of well-known functions and structures incorporated
herein may be omitted to avoid obscuring the subject matter
of the present invention.

FIG. 1 is a block diagram showing a communication ter-
minal according to the embodiment. The embodiment will be
described assuming that the communication terminal is a
mobile phone.

Referring to FIG. 1, the communication terminal 100
according to the embodiment includes an antenna apparatus
110, a wireless communication unit 120, a control unit 130, a
memory 140, an audio processing unit 150, a display unit 160
and a key input unit 170.

The antenna apparatus 110 performs a function of wireless
transceiving of the communication terminal 100. The antenna
apparatus 110 wirelessly transmits a transmission signal and
wirelessly receives a reception signal. In this case, the
antenna apparatus 110 is operated in at least one resonance
frequency band according to the embodiment. That is, the
antenna apparatus 110 transceives an electromagnetic wave
through at least one resonance frequency band. The antenna
apparatus 110 is operated by using a signal applied thereto.
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In addition, according to the embodiment, a plurality of
communication networks may be accessed through the
antenna apparatus 110. In this case, one of the communica-
tion networks is selectively accessed. In this case, a resonance
frequency band is determined according to the electrical char-
acteristic of the antenna apparatus 110. That is, the electrical
characteristic of the antenna apparatus 110 is changed so that
the resonance frequency band is changed. Thus, one of the
communication networks is accessed through the antenna
apparatus 110 corresponding to the resonance band.

The wireless communication unit 120 performs a wireless
processing function of the communication terminal 100. The
wireless communication unit 120 includes a wireless trans-
mission unit and a wireless reception unit. The wireless trans-
mission unit processes a transmission signal to transmit the
transmission signal through the antenna apparatus. In this
case, the wireless transmission unit up-converts a frequency
of the transmission signal, and amplifies the transmission
signal. The wireless reception unit receives and processes a
reception signal. In this case, the wireless reception unit low-
noise-amplifies the reception signal and down-converts a fre-
quency of the reception signal.

The control unit 130 performs a function of controlling the
overall operations of the communication terminal 100. The
data processing unit includes a transmitter for coding and
modulating a transmission signal and a receiver for demodu-
lating and decoding a reception signal. In this case, the data
processing unit may include a modem and a codec. Here, the
codec includes a data codec for processing packet data and an
audio codec for processing an audio signal such as a voice.

The control unit 130 selects one of the communication
networks according to the embodiment. Further, the control
unit 130 drives the antenna apparatus 110 corresponding to
the communication network according to the embodiment. In
addition, the control unit 130 performs communication by
accessing to one of the communication networks through the
antenna apparatus 110. In this case, when accessing to one of
the communication networks, the control unit 130 may mea-
sure a communication quality of a specific communication
network. In addition, the control unit 130 may change the
determination between the communication networks accord-
ing to the communication quality.

The memory 140 includes a program memory and a data
memory. Programs for controlling general operations of the
communication terminal 100 are stored in a program
memory. In this case, the program memory stores programs
for accessing to the plurality of communication networks
according to the embodiment. The data memory stores data
generated while executing the programs.

The audio processing unit 150 may reproduce a received
audio signal output from the audio codec of the data process-
ing unit to output the audio signal through a speaker SPK. The
audio processing unit 150 may transfer the transmission
audio signal generated from a microphone MIC to the audio
codec of the data processing unit.

The display unit 160 displays user data output from the
control unit 130. The display unit 160 may include a liquid
crystal display (LCD). In this case, the display unit 160 may
include an LCD control unit, an LCD memory for storing
image data and an LCD display device. In a case that the
display unit 160 is implemented in a touch screen scheme, the
LCD may be operated as an input unit.

The key input unit 170 includes functional keys for setting
or performing various kinds of functions.
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FIG. 2 is a plane view showing an antenna apparatus
according to the embodiment. FIG. 3 is a plane view showing
the antenna device and the variable reactance device of FIG.
2.

Referring to FIGS. 2 and 3, the antenna apparatus 110
according to the embodiment includes a drive substrate 210,
a ground member 220, a mounting member 230, an antenna
device 240, and at least one variable reactance device 250.

The drive substrate 210 serves as a power feeder and a
supporter in the antenna apparatus 110. In this case, the drive
substrate 210 may include a printed circuit board (PCB). The
drive substrate 210 has a flat plate structure. In this case, the
drive substrate 210 may be provided with a single substrate or
may be provided by laminating a plurality of substrates.

The drive substrate 210 includes a substrate bottom sur-
face, a substrate top surface facing the substrate bottom sur-
face and a substrate side surface connecting the substrate top
surface to the substrate bottom surface. In this case, a trans-
mission line (not shown) is embedded in the drive substrate
210. One end of the transmission line is connected to an
external power source (not shown) of the antenna apparatus
110. Further, the opposite end of the transmission line is
exposed to an outside.

In addition, the drive substrate 210 includes a dielectric
substance. For example, the drive substrate 210 may have the
conductivity o of 0.02 and the permittivity € of 4.6. Mean-
while, the transmission line includes a conductive material.
The transmission line may include at least one of'silver (Ag),
palladium (Pd), platinum (Pt), copper (Cu), gold (Au) and
nickel (Ni).

The ground member 220 is provided for the ground of the
antenna apparatus 110. That is, the ground member 220 may
allow the antenna device 240 to be grounded. The ground
member 220 is formed on a portion or the entire region of the
drive substrate 210. In this case, the ground member 220 is
spaced apart from the transmission line of the drive substrate
210. That is, the ground member 220 is not electrically con-
nected to the transmission line. The ground member 220 may
be disposed on at least one of the bottom and top surfaces of
the drive substrate 210. When the drive substrate 210 may
include a plurality of substrates, the ground member 220 may
be interposed between the substrates.

The mounting member 230 is provided for supporting the
antenna apparatus 110. That is, the mounting member 230
supports the antenna device 240. The mounting member 230
is mounted on the drive substrate 210. In this case, the mount-
ing member 230 may be disposed on at least one of the
substrate top surface and the substrate side surface of the drive
substrate 210.

The mounting member 230 includes a member bottom
surface, a member top surface facing the member bottom
surface and a member side surface connecting the member
top surface to the member bottom surface. In this case, when
the mounting member 230 is disposed on the substrate top
surface of the drive substrate 210, the member bottom surface
may be adhere to the substrate top surface. In addition, when
the mounting member 230 is disposed on the substrate side
surface of the drive substrate 210, the member side surface
may be adhere to the substrate side surface.

In this case, the member bottom surface and the member
top surface may be formed to have the same size or mutually
different sizes. In addition, the member bottom surface and
the member top surface may be formed to have the same
shape or mutually different shapes. Further, the member side
surface may extend from the member bottom surface while
being bent or curved. In addition, the member side surface
may extend from the member top surface while being bent or
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curved. In this case, when the member bottom surface is
parallel to the substrate bottom surface, the member side
surface may be parallel to a vertical axis perpendicular to the
substrate bottom surface or may be inclined from the vertical
axis.

In addition, the mounting member 230 includes a dielectric
substance. The mounting member 230 may include a dielec-
tric substance of a high loss ratio. The mounting member 230
may be formed of the same material as that of the drive
substrate 210 or may be formed of a material different from
that of the drive substrate 210. For example, the mounting
member 230 may have conductivity of 0.02. In addition, the
mounting member 230 may have permittivity of 4.4.

The antenna device 240 is provided to substantially trans-
ceive an electromagnetic wave in the antenna apparatus 110.
The antenna device 240 resonates in at least one resonance
frequency band. That is, the antenna device 240 transceives
an electromagnetic wave in the resonance frequency band.
The antenna device 240 operates in the resonance frequency
band according to a typical electrical characteristic. In this
case, the typical electrical characteristic of the antenna device
240 is determined according to the structure and shape of the
antenna device 240. Further, the antenna device 240 operates
at predetermined impedance.

When the antenna device 240 has a plurality of resonance
frequency bands, the resonance frequency bands may include
a first resonance frequency band having a low frequency and
a second resonance frequency band having a high frequency.
The first resonance frequency band may be spaced apart from
the second resonance frequency band on the frequency
domain. To this end, the antenna device 240 may operate in
multiple frequency bands. The first and second resonance
frequency bands may be combined with each other on the
frequency domain. Thus, the antenna device 240 may operate
in a broad frequency band.

The antenna device 240 is mounted on the mounting mem-
ber 230 of the drive substrate 210. In this case, the antenna
device 240 is mounted on at least one of the member top
surface and the member side surface of the mounting member
230. The antenna device 240 may be mounted on the member
top surface and may be mounted on the member side surface
while being bent or curved from the member top surface.
Further, the antenna device 240 may be mounted on the
member side surface and may be mounted on the member top
surface while being bent or curved from the member side
surface. The antenna device 240 adheres to the mounting
member 230.

The antenna device 240 includes a plurality of ends. One of
the ends of the antenna device 240 is defined as a feeding
point 241. That is, the feeding point 241 makes contact with
the transmission line of the drive substrate 210 in the antenna
device 240. A signal for driving the antenna device 240 is
applied from the transmission line to the feeding point 241. In
addition, at least one of the remaining ends of the antenna
device 240 is open to serve as an open end. The open end may
be placed at a position where the signal density is highest in
the antenna device 240. For example, the antenna device 240
may include first and second open ends 243 and 245. Addi-
tionally, at least still another one of the ends of the antenna
device 240 may be defined as a ground point (not shown).
That is, the ground member 220 may make contact with the
ground point in the antenna device 240.

In addition, the ends of the antenna device 240 are con-
nected to each other as a whole. The antenna device 240 may
be formed in a structure or a shape including at least one of'a
bar type, meander type, a spiral type, a step type and a loop
type. The antenna device 240 includes a conductive material.
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The antenna device 240 may include at least one of silver
(Ag), palladium (Pd), platinum (Pt), copper (Cu), gold (Au)
and nickel (Ni). In addition, the antenna device 240 may be
attached to the mounting member 230 after forming a patch
type. The antenna device 240 may be formed by drawing the
antenna device 240 on the mounting member 230 with a
conductive ink. In addition, the antenna device 240 may be
patterned on the mounting member 230.

The variable reactance device 250 is provided for changing
the resonance frequency band of the antenna apparatus 110.
The variable reactance device 250 changes a reactance
according to a strength of a signal, such as a voltage, applied
from the drive substrate 210. The variable reactance device
250 may include at least one of variable capacitor and induc-
tor. The impedance is changed corresponding to the variation
of'the reactance. In addition, the resonance frequency band is
changed corresponding to the variation of the impedance.
Thus, the variable reactance device 250 allows the resonance
frequency band to be changed according to the strength of the
signal applied from the drive substrate 210. Further, the vari-
able reactance device 250 is prepared as an electronic com-
ponent.

The variable reactance device 250 is mounted on the
mounting member 230 in the drive substrate 210. The vari-
able reactance device 250 is mounted on at least one of the
member top surface 233 and the member side surface 235 of
the mounting member 230. The variable reactance device 250
adheres to the mounting member 230.

The variable reactance device 250 is connected to the
antenna device 240. Preferably, the variable reactance device
250 is connected to a portion at which the signal density is
highest in the antenna device 240. In this case, the variable
reactance device 250 may be connected to the open end of the
antenna device 240. The variable reactance device 250 may
make contact individually with the transmission line of the
drive substrate 240. A signal for driving the variable reactance
device 250 may be applied from the transmission line to the
variable reactance device 250.

For example, the variable reactance device 250 may
include first and second variable reactance devices 251 and
253. The first and second reactance devices 251 and 253 may
be connected individually to the first and second open ends
243 and 245 in the antenna device 240. That is, the first
variable reactance device 251 is connected to the first open
end 243 such that the first resonance frequency band may be
changed. The second variable reactance device 253 is con-
nected to the second open end 245 such that the second
resonance frequency band may be changed.

That is, the control unit 130 controls the strength of the
signal, such as a voltage and then, applies the signal to the
variable reactance device 250, so that the reactance of the
variable reactance device 250 is changed. For example, the
control unit 130 may adjust the strength of the signal to one in
the range of 2 V to 6 V. In response, the reactance of the
variable reactance device 250 may be changed into one in the
range of 0.3 pF to 0.5 pF. In this case, if the control unit 130
controls the strength of the signal to 2 V, the reactance of the
variable reactance device 250 may be changed into 0.3 pF. If
the control unit 130 controls the strength of'the signalto 16V,
the reactance of the variable reactance device 250 may be
changed into 0.5 pF.

FIG. 4 is a circuit diagram showing a circuit equivalent to
the antenna apparatus according to the embodiment.

Referring to FIG. 4, the antenna apparatus 110 according to
the embodiment has a fixed inductance, a fixed reactance and
a variable reactance. That is, the antenna apparatus 110 is
designed such that the antenna device 240 has the fixed induc-
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tance and reactance. In the equivalent circuit, the fixed induc-
tance and reactance are expressed as a fixed inductor 247 and
a fixed capacitor 249. The antenna device 240 is connected to
the variable reactance device having a variable reactance. In
the equivalent circuit, the fixed inductor 247 is connected in
series to the variable reactance device 250. The fixed capaci-
tor 249 is connected in parallel to the fixed inductor 247 and
the variable reactance device 250.

In this case, the fixed inductance and capacitance of the
antenna apparatus 110 are determined according to the size or
shape of the antenna device 240. For example, the fixed
inductance may be determined according to the size, that is, a
length and a width of the antenna device 240. In addition, the
fixed capacitance may be determined according to the interval
between the antenna device 240 and the ground member 220
and the overlap area of the antenna device 240 with respect to
the ground member 220.

FIG. 5 is a graph illustrating an operation characteristic of
a first example of the antenna apparatus according to the
embodiment. FIG. 5 shows variation of an S parameter
according to a frequency band. The S parameter is a factor
signifying a voltage ratio between input and output (output
voltage/input voltage) at a specific frequency band, and is
expressed as dB scale.

Referring to FIG. 5, the antenna apparatus 110 operates at
the first and second resonance frequency bands. Compared
with the second resonance frequency band, the first resonance
frequency band corresponds to a low frequency band. Simi-
larly, compared with the first resonance frequency band, the
second resonance frequency band corresponds to a high fre-
quency band. As the antenna apparatus 110 includes one
variable reactance device 250, the first and second resonance
bands of the antenna apparatus 110 are adjusted. That is, as
the reactance of the variable reactance device 250 varies, the
first and second resonance frequency bands may be collec-
tively changed in the antenna apparatus 110.

FIG. 6 is a graph illustrating an operation characteristic of
a second example of the antenna apparatus according to the
embodiment. FIG. 6 shows variation of an S parameter
according to a frequency band.

Referring to FIG. 6, the antenna apparatus 110 operates at
the first and second resonance frequency bands. Compared
with the second resonance frequency band, the first resonance
frequency band corresponds to a low frequency band. Simi-
larly, compared with the first resonance frequency band, the
second resonance frequency band corresponds to a high fre-
quency band. As the antenna apparatus 110 includes the first
and second variable reactance devices 251 and 253, at least
one of the first and second resonance bands of the antenna
apparatus 110 is adjusted. That is, as the reactance of the first
variable reactance device 251 varies, the first resonance fre-
quency band of the antenna apparatus 110 may be changed in
the antenna apparatus 110 as shown in (a) of FIG. 6. In
addition, as the reactance of the second variable reactance
device 253 varies, the second resonance frequency band of
the antenna apparatus 110 may be changed in the antenna
apparatus 110 as shown in (b) of FIG. 6.

FIG. 7 is a flowchart illustrating an operation process of a
communication terminal according to the embodiment.

Referring to FIG. 7, the operation process of the commu-
nication terminal 100 starts from sensing a power-on of the
wireless communication unit 120 in step 311. When the com-
munication terminal 100 is powered on, the control unit 130
may allow the wireless communication unit 120 to be pow-
ered on. According to a request individually input in a state
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that the communication unit 100 is powered on, the control
unit 130 may allow the wireless communicationunit 120 to be
powered on.

Next, the control unit 130 determines one of a plurality of
communication networks in step 313. In this case, the control
unit 130 may determine one of the communication networks
in a predetermined priority order. The memory 140 may store
the communication networks in correspondence to the prior-
ity order. The control unit 130 may determine one of the
communication networks corresponding to a current location
of the communication terminal 100. The memory 140 may
store the communication networks corresponding to location
information supporting each communication network.

Next, the control unit 130 adjusts a strength of a signal
corresponding to a specific communication network in step
315. That is, the control unit 130 applies a signal having a
predetermined strength corresponding to the specific commu-
nication network to the variable reactance device 250 of the
antenna apparatus 110. The memory 140 stores strengths of
predetermined signals corresponding to each communication
network. Then, the variable reactance device 250 of the
antenna apparatus 110 changes the reactance corresponding
to the strength of the specific signal in step 317. The imped-
ance of the antenna apparatus 110 varies corresponding to the
reactance variation. The resonance frequency band of the
antenna apparatus 110 varies corresponding to the impedance
variation.

Next, in step 319, the control unit 130 accesses to a specific
communication network to perform communication. That is,
as the antenna apparatus 110 operates at the resonance fre-
quency band, the control unit 130 communicates with a spe-
cific communication network through the antenna apparatus
110. In this case, when communicating with the specific
communication network, the control unit 130 continuously
applies the signal at the current strength to the antenna appa-
ratus 110. Thus, the reactance of the variable reactance device
250 of'the antenna apparatus 110 is continuously maintained.

Next, while communicating through the specific commu-
nication network in step 319, the control unit 130 measures a
communication quality of the specific communication net-
work in step 321. In this case, the control unit 130 measures
an RSSI (Received Signal Strength Indication) of the specific
communication network so that the communication quality
may be grasped. The control unit 130 may periodically mea-
sure the communication quality. The control unit 130 may
measure the communication quality in response to occur-
rence of a preset event. In step 323, the control unit 130
determines whether the communication quality is less than a
preset threshold value. In this case, the threshold value may be
previously stored in the memory 140. The memory 140 may
previously store threshold values corresponding to each com-
munication network.

If it is determined in step 323 that the communication
quality is less than the threshold value, the control unit 130
repeatedly performs steps 323 to 323. That is, the control unit
130 selects another one of the communication networks to
change the communication network for access. The control
unit 130 controls the signal strength corresponding to the
specific communication network such that the reactance of
the variable reactance device 250 varies. Thus, the resonance
frequency band of the antenna apparatus 110 varies corre-
sponding to the specific communication network. Then, the
control unit 130 accesses to the specific communication net-
work to perform communication. The control unit 130 may
repeatedly perform the steps 313 to 323 until it is determined
in step 323 that the communication quality is less than the
threshold value.



US 9,130,263 B2

9

Last, if the wireless communication unit 120 is powered
off, the control unit 130 senses the fact to terminate the
operation process of the communication terminal 100. In a
state that it is determined in step 323 that the communication
quality is not less than the threshold value, the wireless com-
munication unit 120 may be powered off. In this case, when
the communication terminal 100 is powered off, the control
unit 130 may allow the wireless communicationunit 120 to be
powered off. The control unit 130 may allow the wireless
communication unit 120 to be powered off according to a
request individually input in the state that the communication
terminal 100 is powered on.

Meanwhile, if the wireless communication unit 120 is not
powered off in step S325, the control unit 130 may return to
step 319. That is, the control unit 130 may continuously
perform communication. Then, the control unit 130 repeat-
edly performs at least a part of steps 313 to 325. In this case,
the control unit 130 may repeatedly perform at least some of
steps 313 to 325 until the wireless communication unit 120 is
powered off in step 325.

For example, the memory 140 may have stored a first
strength corresponding to a first communication network and
a second strength corresponding to a second communication
network. When the first communication network is deter-
mined, the control unit 130 may apply a signal having the first
strength to the variable reactance device 250. In addition, the
control unit 130 may access to the first communication net-
work to perform communication. If the communication qual-
ity of the first communication network is deteriorated lower
than the threshold value during communication through the
first communication network, the control unit 130 may
change the communication network to the second communi-
cation network. When the second communication network is
determined, the control unit 130 may apply a signal having
the second strength to the variable reactance device 250. In
addition, the control unit 130 may access to the second com-
munication network to perform communication. In this case,
if the communication quality of the second communication
network is deteriorated lower than the threshold value during
communication through the second communication network,
the control unit 130 may change the communication network
to the first communication network. That is, the control unit
130 may determine the first communication network again.

Meanwhile, although the above-described embodiment
discloses an example that the antenna device 240 is mounted
on the mounting member 230 so that the antenna device 240
is mounted on the drive substrate 210, the embodiment is not
limited thereto. That is, even though the antenna device 240 is
directly mounted on the drive substrate 210, it is possible to
prepare the embodiment. In this case, the antenna device 240
adheres to the drive substrate 210.

According to the embodiment, since the reactance of the
variable reactance device 250 may vary, the resonance fre-
quency band ofthe antenna apparatus 110 may vary. Thus, the
resonance frequency band of the antenna apparatus 110 is
expanded. So, the communication terminal 100 may use more
expanded resonance frequency band through the antenna
apparatus 110. In addition, the communication terminal 100
may access to a plurality of communication networks. There-
fore, since there is no need to install a plurality of antenna
apparatuses 110 to the communication terminal 100, the com-
munication terminal 100 may be miniaturized.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
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disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. An antenna apparatus comprising:

an antenna device including a feeding point to which a
signal is applied; and

at least one variable reactance device connected to the
antenna device,

wherein the variable reactance device comprises:

a first variable reactance device connected to a first open
end of the antenna device to change a first resonance
frequency band at which the antenna device is operated;
and

a second variable reactance device connected to a second
open end of the antenna device to change a second
resonance frequency band at which the antenna device is
operated, and

wherein the feeding point is disposed between the first
variable reactance device and the second variable reac-
tance device.

2. The antenna apparatus of claim 1, wherein the variable
reactance device is connected to a position of the antenna
device where a density of the signal is highest.

3. The antenna apparatus of claim 1, wherein the variable
reactance device is connected to an open end of the antenna
device.

4. The antenna apparatus of claim 3, wherein the antenna
device comprises a plurality of ends, one of the ends is the
feeding point, and at least one of the remaining ends is the
open end.

5. The antenna apparatus of claim 1, wherein a reactance of
the variable reactance device varies according a strength of'a
signal applied to the variable reactance device.

6. The antenna apparatus of claim 1, wherein the variable
reactance device changes at least one resonance frequency
band at which the antenna device is operated.

7. The antenna apparatus of claim 1, wherein the antenna
device operates in multiple frequency bands, and

wherein the first resonance frequency has a low frequency
and the second resonance frequency has a high fre-
quency.

8. A communication terminal comprising:

an antenna apparatus including an antenna device and at
least one variable reactance device connected to the
antenna device, in which the antenna device includes a
feeding point to which a signal is applied; and

a control unit configured to:

control a strength of a signal applied to the variable reac-
tance device according to a communication network to
access and for driving the antenna apparatus to access to
the communication network, and

apply a strength of a first signal, which is preset corre-
sponding to a first communication network, to the vari-
able reactance device when accessing to the first com-
munication network, and apply a strength of a second
signal, which is preset corresponding to a second com-
munication network, to the variable reactance device
when accessing to the second communication network,

wherein the variable reactance device comprises:
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a first variable reactance device connected to a first open
end of the antenna device to change a first resonance
frequency band at which the antenna device is operated;
and

a second variable reactance device connected to a second
open end of the antenna device to change a second
resonance frequency band at which the antenna device is
operated, and

wherein the feeding point is disposed between the first
variable reactance device and the second variable reac-
tance device.

9. The communication terminal of claim 8, wherein the
variable reactance device is connected to a position of the
antenna device where a density of the signal is highest.

10. The communication terminal of claim 8, wherein the
control unit changes the communication network when a
communication quality of the communication network is
deteriorated lower than a preset threshold value.
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